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s ( k )  = J s ( x ) d x  + epsk = 

X k 

= J ( ~ ( x k )  + (s(x) - s ( x k ) ) )  d x +  epsk = s ( x k )  . Lk + delk + epsk .  
X k 

3 ~ e c b  epsk  - n o r p e w H o c T b  6 n ~ ~ n ~ r a  1-ro p o A a ,  delk - norpew- 
H O C T ~  6 n ~ H n H r a  2-ro p o A a ,  a Lk - M n H a  R r e k ~ 1 . 1  X k .  

n p n c ~ y n n ~  T e n e p b  K @opManbHoMy OnucaHnto n p o u e A y p M  OnTnManb-  

k i o r o  r n c T o r p a M ~ n p o e a H n n .  I l p e ~ s a p n ~ e n b ~ o  MM AonmHu y ~ a s a ~ b  

@aKTDpM, BnnRloune H a  OUIM~KH ~ H H H M H ~ ~  delk M e p s k .  n o c ~ o n b ~ y  

s ( k )  - c n y r a G ~ a ~  BennYnHa,  @ a ~ ~ o p a ~ n ,  onpeAenRIotunMn ee norpew- 
H Q C T ~  , 6 y g y ~  AnCflBPCUR b i  CMeqeHUe, T .e. pa3HOCTb MEXP s (k)  - 
- ( 4  d~ , a TaKme c n e u n @ n r e c K n  C T ~ T H C T M ~ ~ C K M ~  @ a ~ ~ o p :  K o p p e -  

JlRuHR M e w Y  OpAHHaTaMH ~ ( k )  kl ~ ( k  + I ) ,  k  = 0 I . . . , m . @ ~ K T O -  

p a w ,  onpeAenR laqnMn n o r p e w H o c T b  delk , 6 y ~ y l  pas6ne~ne X H a  

n H T e p e a n M  Xk n eu60p Tove tc  xk e n o c n e A H n x .  

P~CCMOTPHM A e T a n b H e e  BnnRHne  @ a K T o p o e ,  o n p e A e n f i l a q n x  norpew- 
H O C T ~  e p s k .  Mu C r n T a e M ,  'ITO HenpepMBHaR n n H n R  cnewpa f (x)  
e C T b  M a T e M a T n r e c K o e  o m n A a H n e  cnyraG~oi? e e n n r n H u  s ( x )  - @ y ~ ~ u n n  
a p r y M e W T a  x .  M a ~ e ~ a l n c r e c ~ o e  omnAaHne  e e n u r u H u  s ( k )  6 y A e l  pae- 
HO, OqeBHAHO, 

C ~ p y r 0 i  CTOPOHM, MM MOmeM BOCnOnb30BaTbCR MOAenblO I lOCne-  

AOBaTenbHMX ABOblqHMX He3aBMCHMMX H C ~ ~ I T ~ H M G  M C'4MTaTb, '410 

s(x)  e c T b  cyMMa ~ e s a e n c n ~ ~ x  C O ~ M T H G ,  KamAoe n 3  KOTOPMX nponc- 
XOAHT c BepoRTHocTb to  p k .  Ecnn p a s ~ r p ~ e a n o c b  n C O ~ M T ~ ~ ,  TO Ma- 

T e M a T n Y e c K o e  o m n A a H n e  n A n c n e p c n R  CYMMH C O ~ ~ I T M ~ ,  nona swnx 
B Xk , 6 y ~ y ~  paBHbl COOTBeTCTBeHHO 

n . p k  = Mk n .  p k . ( l -  pk)  = Mk - ~ k ~ / n  = Dk. 

n y c ~ b  P k ( z )  - @YHKL(MR p a c n p e A e n e H n n  c r i y ra f i ~o i  BennclMHbl s (k) - 
O p A n H a T u  c n e K T p a  Ha  nwepeane Xk. Ha o c H o e a H n n  H e p a e e H c T e a  

c l e 6 ~ ~ 1 e e a  A n n  3 a ~ a ~ ~ o G  B e p o R T H o c T n  P k  MOMHO ~ a n u c a ~  b 

ABS(s(k)  - Mk) < SQRT ( D k / P k ) .  

310 HepaBeHCTBO BblllOnHReTCH C BePORTHOCTblO 1 - P k ,  H OH0 O n p e -  

A e n R e T  c T o x a c T n r e c K y w ,  TOUHOCT~,  c KOTOPO~ s (k) pa e H R e f c R  n - 
KpaTHoMy H H T e r p a n y  OT f (x)  Ha Xk. B b l p a m e ~ n e  cnpaea MomeT 6 ~ ~ b  

3 a n w c a ~ o  K a K  

epsk  = SQRT((Mk - ~k 2 / n ) / ~ k ) .  /I/ 

Ecnn rncno c06u~nk n 3 a ~ a ~ 0  / C T ~ T H C T H K ~  ~ K C ~ ~ P H M ~ H T ~  WKCHPO- 
s a ~ a / ,  TO npu @UKCU~OB~HHOM P = P k   TO BupameHue  R e n R e T c R  

@ y ~ K u c ? e k  BenMqMHbl Mk . 3 a ~ \ a q y  OilTHMH3auHH rHCTOrpaMMHPOBaHHR 

B AaHHOM cnyrae MomHo c m p ~ y n n p o e a T b  T a K :  n o c T p o n T b  O n e p a l o p  

r n c T o r p a M M n p o a a n n R  MR @ y ~ ~ u n n  f(x) n 06nac~n X ~ a ~ o i 2 ,  r ~ 0 6 u  
CyMMa KBaAPaTOB OTHOCHTenbHUX I l o r p e ~ H o ~ ~ e f i  OueHOK H H T e r P a n O B  

Mk 6una M C I H C I M ~ ~ ~ H O ~ ,  T.e . r lT06b l  6un0 MHHHManbHblM BblpaMeHHe 

, ~ ~ O ~ O W M  WlCnO MHTepBanOB PaBHMM m . ~ O A C T ~ B H B  / I /  BMeCTO e p s k  
n y6pae n o c T o R H n y l o  sennrnny P ,  n e p e n n w e M  on~n~nsnpylaqnk KPH- 

~ e p n t i  cneaylaqnn 06pason: 

m 
I: (Mk - bfk 2 / n ) / ~ k  

npn ycnoeun 

m m 
I: (1/Mk - l / n )  + A  P Mk. 

k =  1 k =  1 

m 
2 

1/Mk = A ,  k =  P 1 Mk = w n s t .  



Ecnn BeJlHWHa m @kI~CklpOBaHa, OnTHManbHaR OTHOCHTenbHaR no- 
rpeuHocTb 1 - r ~  poAa eps 6 y ~ e ~  @y~~qneC i  SQRT( l /n ) .  Ecnn m = 
= n ', TO NR YnyLtueHnR O T H O C W T ~ ~ ~ H O ~  norpeuHocTn 1 - r o  poAa 
npn pocTe n K m, HaAo ~ O T P ~ ~ O B ~ T ~ ,  ~ 0 6 ~  a 6 ~ n o  cTporo MeHblue 
0 , s ;  nOCKOnbKy 

eps  = const .  ( n  ( 2  a- 1) - n(*l) 
) 

' O r e e u ~ ~ o ,  UTO A ~ H H M R  ~ p n ~ e p n i  noKa Hnuero He roeopnT o au6ope 
ysnoe wieeK. 

E C ~ H  OTKa3aTbCR OT T ~ ~ ~ O B ~ H H R  COXpaHeHHR qnCna RUeeK, TO 

p e s y n b ~ a ~  6 y ~ e ~  TaKnM: OnTnManbHyn B cmcne /2/ rncTorpaMMy 
AaeT p a s ~ e n e ~ n e  o6nac~n  X Ha MnHnManbHo AonycTnMoe w c n o  meeK 
paeHoro seca. 310 YTsepmAeHne nerKo cneayeT ns Tatcoro COOTHO- 

UleHHR: 
t  t+ r 

MIN X (l/Mk - l/n).<MIN X ( l /Mk-  l / n )  O.<Mk .< 1,  t ,  t >  1  - - 
k =  I k =  1 

t  t+  r 
npH YCnOBHFIX X Mk = 1 H X Mk = 1 COOTBeTCTBeHHO, KOTOpUe IIO- 

k= 1 
nyqanrcn nocne HOpMnpoBtk k k  Ha const. 

AoKasaTenbcTsa more CooTHouleHnn s a ~ e ~ n ~ ,  UTO nepeuR 
MHHHMYM Aaef CR pelueHneM Mk = l/ t  , B T O P O ~  - Mk = l / (t  + t ) .  
C ~ ~ B H H B  

n YqnTblBaR,   TO t ,  r 2 1 , nonyunM Halue yTsepxAeHne. 
BUBOA: qeM unpe RqeR~n, TeM rncTorpaMMa n y w e  B cMblcne 

KpHTepHR /2 / .  

flPWMEP 1 .  % ~ C T ~ R  3KCnOHeHTa. 
f l y c ~ b  f(x) = a . e x p ( - a . t ) ,  t E  (O,,).  f l y c ~ b  < T k > ,  k = 1, 

..., m - o n ~ n ~ a n b ~ o e  pa36ne~ne ocn ( 0 ,  -) Ha m Rctee~ p a ~ ~ o r o  
BeCa, PaBHOrO l / m .  fl0nbl~aeM~R BblBeCTH RBHUe @Op~ynbl AJlR KOH- 

~ O B  ~ T H X  nHTepBanoB. f l y c ~ b  t ( i  - 1) n t(i) - K O H ~ U  i  - r o  HH- 

Tepeana. H ~ ~ e r p a n  OT f(x) Ha i+1-OM HHTepsane paeeH 

exp(-a  . d ( i ,  i  + I)) = 1 - e x p ( a .  t(i))/rn, 

310 AaeT p e ~ y p p e ~ ~ ~ u f i  anropnTM NR BuUncneHnR K O H ~ O B  nwepea- 
noe onTnManbHoro p a s 6 n e ~ n ~ .  

f l o c n e ~ ~ n i ?  m-UR nHTepean 6 y ~ e ~  ~ ~ C K O H ~ U H ~ M ,  1.e. d ( m - l , m ) =  
= m . Ecnn, KaK O ~ M U H O  B CneKTpOMeTpnn, a = ln(2) /T 12, rAe 
T I 2  - nepnoA nonypacnaAa, TO nerKo BueecTn ReHble BblpaxeHnR 
Ann t( i)  n d ( i , i + l ) :  

nepeinen Tenepb K norpeuHocTRn 2 - r o  poAa. 
6yp3-i npeAnonaraTb, ctro onTnnanbHoe p636ne~ne d n a c l ~  X sa 

n ~ ~ e p e a n ~  <Xk>, k = 1 ..... m y~ce npon3se~e~0 ,  n Tenepb ns,q3 
su6pa~b Te ToclKn xk B H ~ T P W  KamAoro nHTepaana, B ~ o ~ o p w x  o ~ ~ v -  

HaTa yk , paeHaR npn6nnme~~o ~ k / L k ,  6 y ~ e ~  npenc-raenRTb 3 c . 6 ~ ~  - 
Hne ~enpepwe~oR @YHKI.~IH ~ ( x k )  B OnTnManbHoM cnblcne. norpeu.- 
HOCTb TaKOrO IlpeACTaBneHHFl 6 y ~ e T  @ Y H K U H ~ ~ ~  PaCCTORHHR S ( X )  

OT yk Ha nHTepeane Xk, n saAary o n ~ n ~ n s a q n n  2- ro  poAa now-o 
c@Op~ynnpoea~b, oueenAHo TaK: su6pa~b xk ~ a ~ o e  , U T O ~  P ~ C C ~ O R -  

HHe OT S(X) 40 KOHCTaHTbl s(&) Ha HHTepBane Xk 6Un0 MWHnMa-Qb- 
HUM. 

~ ~ ~ ~ ~ H M c R ,  KaK H PaHee, ~BaApa~nUHofi ~ e l p n  K O ~  . K ~ H T ~ ~ H ~ M  
OnTHManbHOCTH 2'r0 PO@ MOMHO 6 y a e ~  3allHCaTb TaK: 



x k  = A R C  MIN J(s(x) - ~ ( x k ) )  2 d ~ .  
xk Xk 

T . e .  B K a u e C T B e  OIlTHManbHOrO B CMMCne K B ~ ~ P ~ T H U H O ~ ~  MeTPWKH 
y s n a  R u e h ~ u  c n e A y e T  a u 6 n p a r b  T O ~ K Y ,  B K O T O P O ~  S(X) p a B H a  c e o -  
eMy  u H T e r p a n b H o M y  c p e A H e n y  Ha n w e p e a n e  / a ~ o  6 y ~ e ~  He o 6 ~ 3 a -  
TenbHO CepeAHHa U H T e p B a n a ,  K a K  0 6 ~ ~ ~ 0  nPUHRT0 CUUTaTb &JlR 

T H C T O T ~ ~ M M / .  

E c n u  CpeAU HHTepBanOB X k  eCTb  ~ ~ C K O H ~ U H M ~ ,  TO KBaAPaTwuHaR 
MeTpUKa H e  nOAXOaUT. B 0 3 b ~ e ~  AnR OnpeAeneHHOCTU MeTPUKY C. 
H e ~ p y A ~ o  Y ~ ~ A H T ~ C R ,   TO p e u e H u e M  s a ~ a u u  

x k  = A R C  I N F  SUP ABS(  S(X) - s ( ~ k ) )  
Xk x 

~ ( x k )  = ( S U P  S(X) - INF s ( x ) ) / ~ ,  
x x 

T . e .  B KaUeCTBe OIlTUManbHOrO B CMblCne ~ ~ B H O M ~ ~ H O ~  MeTPWKW Y 3 -  
n a  ~ u e i ~ n  c n e 4 y e T  e u 6 u p a ~ b  a p r y M e H T  a M n n u T y A H o r o  c p e A H e r o  s ~ a -  
ueHuR @ Y H K ~ W H  H a  u H T e p B a n e  /Tome B 061qet.i cnyuae H e  c o e n a A a a -  
qu i  c ero c e p e ~ w ~ o i / .  B 060ux c n y u a n x  T a K u x  a p r y M e H T o e  MomeT 
6 ~ ~ b  HeCKOJlbKO. B M ~ O P  OaHOrO U3 HnX BO3MOMeH TOJlbKO H a  OCHOBe 
A o n o n H u T e n b n u x  y c n o e n i  s a ~ a u w ,  o ueM peub nokf le~ Hume. 3 a ~ e -  
TUM c p a s y ,  u ~ o  o n ~ u ~ n s a u u ~  r u c T o r p a M M u p o e a H n R  B cMuCne n o r p e w -  
HOCTW 2 - r o  p o A a  s a u ~ ~ e p e c o e a ~ a  e o 6 q e ~  c n y u a e  B M a K c n M a n b w o  
B O ~ M O ~ H O M  c y m e H u u  u H T e p e a n o e .  

IlPMMEP 1 .  C n y u a i  u u c ~ o i  ~ K C ~ O H ~ H T U  / n p o ~ o n m e ~ u e / .  
O n p e ~ e n n ~  T e n e p b  ysnu t k  o n T u M a n b H u x  H H T e p e a n o e  T k .  6 y ~ e ~  

n o n a r a T b ,   TO a =' ln (2 ) /T12 .  H a  O c H o a a H n n  /3/  n /4/  nMeeM 

ln(2). e q ( - a .  t(i- 1)). (1-exp ( - l n ( ( m - i  + l)/(m-i)))/(T12. In((-i+l)/(m-i)= 

= ln(2). e x p ( - a . t ( i -  l ) ) / ( m - i  + l ) . l n ( ( m - i  + l ) / ( m - i ) )  . T I 2  = 

= e x p ( - a  ( t ( i  - 1) + h)). 

h = (TWln(2)). I n ( T 1 2 . l n ( ( m  - i + l ) / ) m -  i)). ( m -  i + 1)/ln(2)) 

n p u  i f m. .MR i = m, uMeeM, H a  OCHOBaHHH /5/, 
a .  e x p ( - a  . t ( m  - 1))/2 = a - exp ( -  a . ( t ( m  - 1) + h)). 

nPHMEP 2 .  r a y c c o e a  @YHKUHR. 
r a y c c n a ~  

2 
S ( X )  = ( 1 / S Q R T ( 2 .  p i ) .  w )  . e x p ( - ( x - p )  / w 2 )  

RBnReTCR H ~ M O H O T O H H O ~  @y~KuUeh; KpOMe TOrO,  n e p e o o 6 p a a ~ a ~  B 
RBHOM BHae OT Hero He 6 e p e ~ c f l .  B e w a y  3 T O r O  I lOCTpOUTb RBHUe 
@opMynu p ~ l ~  B u u w c n e H w n  K o H u o e  m n H T e p e a n o e  p a B H o r o  B e c a  H e  
y o a e T c R .  3 ~ e c b  MomHo y ~ a a a ~ b  c n e ~ y m n i  a n r o p n m .  n y c ~ b  m = 
= 2 . k  + l . P e w a e ~  u u c n e H H o  unu c n o ~ o q b w ,  ~ a 6 n n u  y p a B H e H u e  

n p o A o n m a e n  no 0 6 e  c ~ o p o ~ u  OT T O ~ K H  n n o n y u a e M  n o c n e A o e a T e n b -  
HO n a p u  n t i T e p e a n o e  < t ( i - l ) , t ( i ) > ,  < t ( j - I ) ,  t( j )> n T.A. 

T O ~ K H  t ( i )  , t(j) n p u  i = j = k a a ~ a ~ y ~  K O H ~ U  ABYX 6 e c K o ~ e u -  
HMX n H T e p e a n o a .  E c n n  m = 2 . k ,  TO npouecc c n e g y e t  H a u a T b ,  nono- 
m n e  t(1) = p u B H ~ H C ~ R R  n a p u  u H T e p e a n o e  < t ( i  - I), t ( i )  > , 
c t ( j  - 1) , t ( j )  > u T.A. 

T a ~ o i  a n r o p n T M  n e p e H o c n T  Ha o p A n H a T u  KoHeuHux R u e e K  ~ U C T O -  

rpaMMbl BaMiHOe C B O ~ C T B O  @yHKunH - CMMMeTPUO OTHOCHTenbHO TOU- 
KH P . 

A ~ a J l o r w u ~ o  u w c n e H H o  u n w  c n o w o q b o  ~ a 6 n n u  o n p e A e n R o T c R  y a n u  
R u e e K .  npn  TOM y3nu 6 e c ~ o ~ e u ~ u x  RueeK o n p e A e n R o T c R  RBHO 

I r e  q p a B H O O A H O M y M 3 ( t ( k ) - p ) .  

! E c n u  m 2 .  k + 1 , TO B03MOMHblX y 3 n O B  FIW?~KH 2 t(1) , t(2) > 
6y f l e~  A a a :  c n e s a  OT p , n c n p a a a  OT p . E c n n  a u 6 p a ~ b  no6oh, 
CUMMeTPUR rUCTOrPaMMU HapyUklTCR. MOmHO B3RTb  B KaUeCTBe y 3 n a  
UX IlOJlYCYMMY, T .e .  TOuKY p , HO H T O r A a  OpAHHaTa rHCTOrpaMMbl 
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K a q e c ~ e e ~ ~ o e  a a ~ n n ~ e ~ n e  n a n o m e ~ ~ o r o  M a T e p n a n a  Momtio cwpny- 
JlHpOBaTb C n e A y W H M  0 6 p a 3 0 ~ .  

M ~ T ~ M ~ T U U C C K X ~  c o o 6 p a ~ e ~ n ~ ,  JleMaUMe B OCHOBe B u 6 0 p a  WHpHHU 

R q e e K  c f l e K ~ p a n b H 0 f i  rHCTOrpaMMbl,  OTBeUanT  ABYM npOTHBOflOnOMHblM 
~ p e 6 0 e a H n ~ ~ :  
1 /  c A e n a T b  p a s ~ e p  ~ q e f i ~ n  A o c T a T o w H o  WHPOKHM WH 0 6 e c n e ~ e ~ ~ ~  

XOpOWHX CTaTHLTHUeCKHX C B O ~ ~ C T B  6y~yuef i  rHCTOrpaMMu;  
2/ C A e n a T b  p a 3 M e p  R U ~ ~ ~ K H  n0 B03MOMHOCTH Y3KHM AJlH TOrO, U T O ~ ~ I  

I .  n o o 6 p a ~ a e ~ a ~  r n c ~ o r p a ~ ~ o f i  @ Y H K ~ H R  o n n c u e a n a c b  en G o c T a T o w o  
TOUHO BHyTPH K ~ M A O G  HUefiKn. 

1 .  q e ~ u o e  H.H. C ~ a ~ n c ~ n q e c ~ n e  p e w a w n e  n p a e n n a  n o n T n M a n b H u e  
BuBOAkd. M.: H a y ~ a ,  1972. 

HET JIM ITPOBEJIOB B BAUlER BMBJIMOTEKE? 

n2-84-366 Tpynb~ 7 Mexny~apomoro coBeuanm no n p 0 6 n e ~ a ~  4 p. 30 K 
KBBHTOBOA TeOpHn nonrr. Anym~a,  1984. 

A48'7-692 Tpynbl Mexnynapomoro c o ~ e u w m  no reopnn 4 p. 30 K 
ManolracTHwblx H KBBPK-WpoHHblX CHCTeM. A y 6 ~ a ,  1987. 


